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Abstract

This paper presents data on daily precipitation totals from six me-
teorological stations and the climatic water balance for the stations lo-
cated throughout Poland in 2011-2015. The following sequences of days 
without precipitation were distinguished: from 11 to 15 days, from 16 
to 20 days, and of more than 20 days. The number of precipitation-free 
sequences during the growing season in 2011-2015 was highly vari-
able. Over the studied period, there were from 1.0 rainless sequence in 
Wtelno to 2.4 such sequences in Gołębiów per one growing season. The 
most frequently occurring were sequences of 11-15 days, while those 
of 16-20 days were less frequent. In the years under analysis, all of the 
different sequences occurred most frequently in July, and the least fre-
quently in April. The highest numbers of sequences without precipita-
tion were recorded in the south-east of Poland (Zakalniki, Gołębiów). 
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INTRODUCTION

In the climatic conditions of Poland, the atmospheric precipitation is the 
primary source of water for plants. The Polish climate is characterized by very 
high variability in precipitation; we frequently observe large differences in the 
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amounts of precipitation occurring even in a relatively small area. The long-term 
average amount of precipitation for central Poland is 550-600 mm, and in dry 
years this sum does not even reach 500 mm (Koźmiński and Michalska 1995). 
In a temperate climate, the lower limit of precipitation necessary for intensive 
agricultural production is 600 mm, and precipitation of less than 500 mm is 
considered to be below the minimum threshold (Banaszak 2003). Over the next 
several years, the climatic balance of Poland should be expected to deteriorate 
(Łabędzki 2009, Kuchar and Iwański 2011, 2013). Climate models for Europe 
suggest that due to global warming the amount of precipitation in Poland in the 
summer half-year will decrease. At the same time, as a result of the increasing 
mean temperature, evapotranspiration will increase, and the water balance will 
become significantly worse (Parry et al. 2007). A frequent phenomenon occur-
ring in our climate zone are sequences of days without precipitation, which in 
conjunction with low amounts of rainfall during the growing season cause large 
losses in crop yields, and are therefore one of the main sources of risk in agricul-
tural production (Radzka 2014). Some authors call the sequences of precipita-
tion-free days atmospheric dry spells (Grabowska et al. 2004, Kossowska-Cezak 
2000, Hurtowicz 1988, Łabędzki and Bąk 2014). The authors variously define 
the length of the sequence of rainless days and the amount of rainfall that breaks 
that sequence. Kasperska-Wołowicz et al. (2003) consider it very difficult to 
determine the amount of precipitation that breaks a dry spell. According to these 
authors, 2 mm of rain in one day (or in the next two days) in the summer is not 
enough to assume that the precipitation-free sequence has been broken. This 
amount will not even satisfy the daily water requirement of plants; it will only 
wet the top layer of soil and quickly evaporate (Klamkowski et al. 2014). Ac-
cording to Schmuck (1969), a sequence of 9 days without precipitation during 
the peak demand for water does not yet cause damage to crops. A dry spell last-
ing more than 15 days usually inhibits the development of crop plants or reduces 
the yield. Koźmiński (1986) worked on the assumption that during the growing 
season a day with the amount of rainfall equal to or greater than 1.5 mm, or 
two consecutive days with a total amount equal to or greater than 1.5 mm break 
the precipitation-free sequence lasting 11-15 days, and a day with the amount 
of rainfall equal to or greater than 2 mm, or two consecutive days with a total 
amount equal to or greater than 2 mm break the precipitation-free sequence last-
ing longer than 15 days. Czaplak (1996) distinguished rainless sequences lasting 
longer than 15 days during the growing season and made an assumption that 
a precipitation-free sequence is not broken by a single day or two consecutive 
days with precipitation of less than 1 mm; it is broken, however, by three con-
secutive days with precipitation (even in trace amounts of less than 0.05 mm). 
According to Konopko (1988), a dry spell is a period in which there are days 
without atmospheric precipitation or with a very small amount of precipitation 
not exceeding 0.5 mm per day. The author adopted rainless periods lasting 10-20 
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days, 20-30 days and over 30 days, and assumed that a day (or two consecu-
tive days) in which the total rainfall is 5 mm or more is the last day of the dry 
spell because this amount of precipitation will wet the plants and topsoil, and 
reduce the deficiency in air humidity over the crop stand during one day or two  
consecutive days.

Defining the length of precipitation-free periods makes it possible to de-
termine the beginning, end, and duration of each dry spell, but does not include 
evapotranspiration or soil moisture conditions in the period preceding the dry 
spell. The extent of the shortage of precipitation is dependent not on the length 
of the precipitation-free period but on the total evapotranspiration during that 
period. Doorenbos and Pruitt (1977) give a definition of reference evapotranspi-
ration as the evaporation from a large green standing crop of grass (8-15 cm tall) 
completely shading the soil surface and having no difficulty in taking up water. 
The definition thus formulated allows us to calculate ET0 on the basis of cli-
matic parameters, i.e. solar radiation, temperature, air humidity and wind speed 
(Łabędzki et al. 2012). In practice, use is also made of simplified models which 
only need the time course of the changes in air temperature, or air temperature 
and humidity (Treder et al. 2010).

The aim of the study was to determine the extent of the shortage of pre-
cipitation on the basis of reference evapotranspiration during sequences of days 
without precipitation.

MATERIAL AND METHODS

Sequences of days without precipitation and climatic water balance for 
those sequences (for the years 2011-2015) were determined on the basis of data 
from six automatic weather stations (iMETOS – Pessl Instruments Austria) lo-
cated in different parts of Poland. The stations were located in the following 
localities: Błędów, Wtelno, Zakalniki, Gołębiów, Biała Rządowa, Czerniec  
(Fig. 1, Tab. 1).

The adopted sequences of days without precipitation were defined accord-
ing to the method proposed by Koźmiński (1986). This method was considered 
the most reliable for assessing the shortage of precipitation. The following du-
rations of precipitation-free sequences were distinguished: from 11 to 15 days, 
from 16 to 20 days, and of more than 20 days. It was assumed that a precipi-
tation-free period lasting for more than 11-20 days is broken by a day or two 
consecutive days with the combined total precipitation of more than 1.5 mm. 
According to this assumption, a precipitation-free period lasting for more than 
20 days is broken by a day or two consecutive days with the combined total 
precipitation of more than 2 mm. A sequence of days without precipitation was  
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assigned to a particular month when at least 60% of that sequence occurred 
during that month (Grabowska et al. 2004).

Figure 1. Location of the meteorological stations included in the study.

Table 1. Geographical coordinates of the meteorological stations included in the study.

Station
Geographical coordinates

Elevation above sea level (m)
latitude longitude

1. Błędów 51°77’ 20°69’ 170
2. Wtelno 53°14’ 17°53’ 98

3. Zakalniki 52°22’ 23°05’ 161
4. Gołębiów 50°72’ 21°52’ 269

5. Biała Rządowa 51°15’ 18°27’ 186
6. Czerniec 49°56’ 20°40’ 112

Due to the lack of comprehensive meteorological data, the reference 
evapotranspiration was calculated using the Hargreaves model (Hargreaves and 
Samani 1985), which takes into account measurements of the maximum and 
minimum air temperatures, and data on the solar radiation reaching the Earth’s 
atmosphere. For the calculations, use was made of the application posted on the 
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website www.nawadnianie.inhort.pl, which had been developed under the IO 
Multi-Year Programme, Task 3.1 ‘Development of water – and energy-saving 
technologies of growing horticultural crops’.
The Hargreaves model:

ETo= HC Ra (Tmax-Tmin)ᴴᴱ ((Tmax+Tmin/2))+HT

here:
HC – empirical factor = 0.00023 
Ra – extraterrestrial radiation (mm per day) 
Tmax – maximum air temperature (°C)
Tmin – minimum air temperature (°C)
HE – the author’s empirical factor = 0.5
HT – the author’s empirical factor = 17.8

RESULTS AND DISCUSSION

The values of average temperature and total precipitation for the period 
studied are presented in Tables 2 and 3. The average temperatures for the grow-
ing season in the years 2011-2015 do not differ substantially from the average 
temperatures for the multi-year period 1951-1990 (Bac and Rojek, 1999). The 
average temperature for the growing season ranged from 13.9°C in Zakalniki to 
14.7°C in Gołębiów.

Table 2. Average temperature for the entire growing season (April-October) for  
individual stations in 2011-2015.

Year
Błędów Wtelno Zakalniki Gołębiów Biała  

Rządowa Czerniec

Average temperature
2011 14,1 14,6 13,8 14,4 14,6 *
2012 14,3 14,4 13,8 14,8 14,5 14,6
2013 13,9 14,1 13,8 14,4 14 14,1
2014 14,2 14,5 14,2 15,6 14 14,1
2015 14 13,7 13,8 14,4 14,6 14,3

Multi-year average
2011-2015 14,1 14,3 13,9 14,7 14,3 14,3

U – lowest value for the year, U – highest value for the year, * – no data

The five-year study period was characterized by high spatial variabil-
ity of precipitation. In 2011, relatively high precipitation occurred in Błędów 
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(521 mm), but low in Biała Rządowa (335 mm) – the distance between the sta-
tions is 207 km. The difference between these amounts of rainfall was 186 mm, 
which made the amount in Biała Rządowa about 36% lower than in Błędów.

In 2012, the lowest total precipitation was recorded in Czerniec – 389 mm, 
and the highest in Wtelno – 558 mm. The difference here is 169 mm – the amount 
in Czerniec was 30% lower. These two stations are, however, very far from each 
other (about 560 km) – one of them is located in the north-west of Poland and 
the other in the south.

The year 2013 was characterized by low amounts of rainfall throughout the 
growing season. The lowest value was recorded by the station in Gołębiów – 316 
mm, and the highest, 460 mm, in Czerniec. The difference here is 144 mm – the 
amount in Gołębiów was 31% lower. The levels of precipitation in the two con-
secutive years, 2012 and 2013, showed exceptional variability in distribution. 
The station in Czerniec recorded the lowest total rainfall in the growing season 
of 2012 and the highest in 2013 and 2014.

Interesting seems to be the fact that in 2014 the total precipitation recorded 
during the growing season by the station in Czerniec was 923 mm, while at the 
same time in the centre of Poland, in Biała Rządowa, the total rainfall reached 
only 320 mm, and was thus almost 3 times lower. In Czerniec in 2014, very high 
levels of precipitation were recorded in the months of April (111 mm), May 
(183 mm), July (242 mm) and August (149 mm). In this case, we can speak of 
a very high variation. The difference for these stations was as much as 603 mm, 
which represents 65% less precipitation recorded during the growing season in  
Biała Rządowa.

Table 3. Total precipitation for the entire growing season (April-October) for individual 
stations in 2011-2015

Year
Błędów Wtelno Zakalniki Gołębiów Biała  

Rządowa Czerniec Average

Precipitation
2011 521 405 449 511 335 * 444
2012 414 558 397 403 406 389 428
2013 422 371 417 316 437 460 404
2014 443 356 378 395 320 923 469
2015 359 269 312 508 210 430 348

U – lowest value for the year, U – highest value for the year, * – no data

During the entire growing season of 2015 the recorded levels of precip-
itation were very low. In Biała Rządowa they amounted to 210 mm, and in 
Gołębiów to as much as 508 mm. The difference between the two stations was 
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298 mm, which represents 59% less rainfall for Biała Rządowa. For most of the 
analyzed stations, the amount of total precipitation for the growing season in the 
individual years did not reach 500 mm. According to the criteria adopted by Ba-
naszczak (2003), the stations except Błędów (2011), Wtelno (2012), Gołębiów 
(2015) and Czerniec (2014) were below the minimum precipitation threshold of 
500 mm for intensive crop production.

In the years covered by the study, a total of 53 sequences of days without 
precipitation were recorded for all the locations and growing seasons (Tab. 4). 
The most frequent during the growing season were sequences of 11-15 days 
without rainfall. The highest number of such sequences (15) was recorded  
in 2013.

Table 4. Total number of sequences of days without precipitation for the stations  
in 2011-2015

Year
Class of a pre-
cipitation-free 

sequence 

Months Sum

April May  June July August September October April-
-October

2011
11-15 1 1 2
16-20 1 1 2
>20 3 3

2012
11-15 4 3 7
16-20
>20

2013
11-15 2 1 1 6 2 3 15
16-20 1 3 4
>20 2 1 3

2014
11-15 1 1 2
16-20
>20

2015
11-15 1 2 3 2 8
16-20 3 1 1 1 6
>20 1 1

Sum 5 6 7 12 8 8 7 53
U – highest value

Collectively for the 6 locations, all of the different sequences of precipi-
tation-free days were recorded most frequently in July (0.39 times per growing 
season), and the least often in April (0.16 times per growing season) (Tab. 5). 
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Following the analysis of the duration of individual sequences of rainless days, it 
was found that the most frequently occurring (an average of 1.12 times per grow-
ing season) were the sequences of 11-15 days, less frequently those of 16-20 
days (an average of 0.38 times per growing season), while the 20-day sequences 
without precipitation were the least likely to occur (an average of 0.22 times per 
growing season).

Table 5. Average frequency of occurrence of all the sequences of days without  
precipitation in the individual months of the growing season (April-September)  

in Poland in 2011-2015 (number of sequences per season).

Class of sequences 
od days without 

precipitation
April May June July August September October

April-
-Octo-

ber
11-15 days 0,1 0,2 0,13 0,33 0,13 0,13 0,1 1,12
16-20 days 0,06 0 0,1 0 0,06 0,03 0,13 0,38
>20 days 0 0 0 0,06 0,06 0,01 0 0,22

Sum 0,16 0,2 0,23 0,39 0,25 0,26 0,23 1,72

The average lengths of the sequences of days without precipitation during 
the growing season in 2011-2015 showed very high variability (Fig. 2). Of all 
the locations, the longest sequence, 32 days, occurred in Wtelno in 2013. An 
interesting fact is that in Wtelno in 2011, 2013, and 2014 none of the sequences 
was recorded at all. In Gołębiów also in 2013 and 2015 there was a sequence of 
approx. 30 days without precipitation.

Figure 3 shows, for each year and meteorological station, the average daily 
values of ET0 during the occurrence of sequences of days without precipitation. 
With a total lack of rainfall, the determined values of evapotranspiration repre-
sent the average daily negative balance on the basis of which it is possible to es-
timate the water requirements of plants during periods without rain. Particularly 
high values of the average daily shortage of precipitation during rainless peri-
ods were recorded in 2013 and 2015. In the summer of 2013, in Wtelno, Biała 
Rządowa and Czerniec, the average daily ET0 for a precipitation-free sequence 
exceeded 4 mm. Considering that each of the sequences lasted for more than 10 
days, the water demand during that time for plants with a crop coefficient K > 1 
was more than 40 mm. Similar values were recorded in Błędów, Biała Rządowa 
and Czerniec in 2015.
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Figure 2. Average duration of a precipitation-free sequence (number of days) for the 
growing season in 2011-2015.

Figure 4 shows the average values of cumulative evapotranspiration during 
the occurrence of sequences of days without precipitation. The lowest number 
of precipitation-free sequences occurred in 2014. Longer periods of the absence 
of rain (in 2014) were observed only in Gołębiów and Czerniec. Despite the fact 
that the total amount of precipitation was not significantly different from the 
average values from previous years, the shortage of precipitation was about 40 
mm. It can be seen that in all the years of the study the average cumulative ET0 
for all the stations and years ranges from 40 to 60 mm. However, the largest peri-
odic shortages may be much higher. In 2013, the largest shortage of precipitation 
was observed in Wtelno, where the deficit during the precipitation-free period 
was as high as 116 mm; a very large shortage of precipitation was also observed 
in Gołębiów in 2013 – 104 mm, and in 2015 – 107 mm. Insufficient quantity of 
water during the growing season significantly reduces crop yields, but above 
all it reduces the quality of agricultural produce, in particular of fruits and veg-
etables (Perez-Pastor et al 2007,Treder et al. 2009, Żarski et al. 2009). Słowik 
(1973), while analyzing the sensitivity of plants to drought, reports that the most 
sensitive among fruit trees are apple trees grafted onto dwarfing rootstocks, in 
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 which the bulk of the roots lies at a depth of 10-40 cm. Assuming, after Prochal 
(1986), that the amount of readily available water is 6 mm per 10 cm of soil for 
loose light loamy sands, and 8 mm for heavy clays and silty and loamy deposits, 
it can easily be seen that even in the case of heavy soils and deep-rooting plants 
the amount of water accumulated in the soil will not be sufficient to satisfy the 
water needs of plants during the occurrence of the described sequences of days 
without precipitation. For example, the amount of readily available water that 
can be accumulated in a 40-cm layer of a heavy soil is approx. 32 mm. This value 
is lower than the average cumulative evapotranspiration during the sequences of 
precipitation-free days shown in Figure 4. The estimated extent of the shortage 
of precipitation during sequences of days without precipitation can be helpful in 
determining the peak demand for water during the growing season and the size 
of water reservoirs for the irrigation of plants. When designing such a reservoir, 
one should bear in mind not only the seasonal shortages but also the maximum 
water uptake that occurs during the sequences of rainless days.

Figure 3. Average daily values of reference evapotranspiration during the occurrence 
of a precipitation-free period.
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Figure 4. Cumulative ET0 for the individual stations included in the study  
in 2011-2015.

CONCLUSIONS

1. In the years analyzed, an average of 1.72 sequences of days without 
precipitation per growing season (April-October) were recorded in the 
areas covered by the study. The most frequently occurring were se-
quences of 11-15 days, and the least frequently those of 20 days.

2. In the areas studied, precipitation-free sequences lasting 16-20 days 
and more than 20 days occurred most frequently in August, and those 
lasting 11-15 days in July and May. Sequences of more than 20 days 
without precipitation did not occur at all in the months of April, May, 
June and October.

3. Cumulative evapotranspiration during the sequences of days without 
precipitation can greatly exceed the amounts of readily available water 
accumulated in the soil profile.



Katarzyna Wójcik, Waldemar Treder, Aleksandra Zbudniewek

622

ACKNOWLEDGMENT

This work was performed in the frame of multiannual programme “Ac-
tions to improve the competitiveness and innovation in the horticultural sector 
with regard to quality and food safety and environmental protection”, financed 
by the Polish Ministry of Agriculture and Rural Development

REFERENCES

Bac S., Rojek M. (1999). Meteorologia i klimatologia w inżynierii środowiska. Wyd. AR 
we Wrocławiu

Banaszczak J.(2003).Stepowienie Wielkopolski pół wieku później. Wydawnictwo 
Akademii Bydgoskiej, Bydgoszcz.

Czaplak I.(1996). Posuchy i regiony zagrożone jej występowaniem. W:Potrzeby 
i możliwości zwiększenia retencji wodnej na obszarach wiejskich .Mater. Semin. 37. 
Falenty: Wydaw.IMUZ.

Doorenbos J., Pruitt W.O.(1977). Guidelines for predicting crop water requirements. 
FAO Irrigation and Drainage Paper, 24,176.

Grabowska K., Banaszkiewicz B., Szwejkowski Z.(2004). Niedobory i nadmiary 
opadów na terenie województwa warmińsko-mazurskiego w latach 2000-2002. Acta 
Agrophysica, 3(1), 57-64.

Hargreaves G.H., Samani Z.A.(1985). Reference crop evapotranspiration from 
temperature. Appl. Eng. Agric., 1(2), 96-99.

Hurtowicz H.(1988).Charakterystyka opadów atmosferycznych Olsztyna w latach 1981-
1984. Acta Acad. Agricult.Techn. Olst. Agricultura,45, 3-15.

Kasperska-Wołowicz W., Łabędzki L., Bąk B. (2003). Okresy posuszne w rejonie 
Bydgoszczy.Woda, Środowisko, Obszary Wiejskie, 3(9), 39-56.

Klamkowski K., Treder W., Tryngiel-Gać A. (2014). The effect of rainfall intensity and 
floor management practices on changes in soil water status in an apple orchard. Acta 
Hortic.,1038, 539-544.

Konopko S. (1988). Częstotliwość występowania okresów posusznych w rejonie 
Bydgoszczy na podstawie wieloletnich obserwacji. Wiad. IMUZ, 15 (14),104-113.

Kossowska-Cezak U.(2000). Meteorologia i klimatologia, PWN Warszawa-Łódź.

Koźmiński C.(1986).Przestrzenny i czasowy rozkład okresów bezopadowych trwających 
ponad 15 dni na terenie Polski. Zesz. Probl. Post.Nauk Rol., 268, 17-36.

Koźmiński C., Michalska B.(1995). Atlas uwilgotnienia gleby pod roślinami uprawnymi 
w Polsce. AR Szczecin.



Estimation of plant water requirements during sequences of days...

623

Kuchar L., Iwański S.(2011).Symulacja opadów atmosferycznych dla oceny potrzeb 
nawodnień roślin w perspektywie oczekiwanych zmian klimatycznych. Infrastruktura 
i Ekologia Terenów Wiejskich, 5, 7-18.

Kuchar L., Iwański S.(2013).Ocena opadów atmosferycznych dla potrzeb produkcji 
roślinnej w perspektywie lat 2050-2060 i wybranych scenariuszy zmian klimatu 
w północno-centralnej Polsce. Infrastruktura i Ekologia Terenów Wiejskich,2(1):  
187-200.

Łabędzki L.(2009). Przewidywane zmiany klimatyczne a rozwój nawodnień w Polsce. 
Infrastruktura i Ekologia Terenów Wiejskich, 3,7-18.

Łabędzki L., Bąk B. (2014).Meteorological and agricultural drought indices used in 
drought minitoring in Poland.Meteorol. Hydrol. Water Manage., 2 (2): 3-14.

Łabędzki L., Bąk B., Kanecka-Geszke E.(2012). Wielkość i zmienność ewapotranspiracji 
wskaźnikowej według Penmana-Monteitha w okresie wegetacyjnym w latach 1970-2004 
w wybranych regionach Polski.Woda-Środowisko-Obszary Wiejskie.,12(IV-VI) z.2(38).

Parry M.L., Canziani O.F., Palutikof J.P., van der Linder P.J., Hanson C.E.(2007). 
Climate Change 2007:Impacts, Adaptation and Vulnerability. Contribution of Working 
Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change. Cambridge University Press, Cambridge, UK, 976.

Perez-Pastor A., Ruiz-Sanchez M.C., Martinez J.A., Nortes P.A., Artes F., Domingo 
F.(2007). Effect of deficit irrigation on apricot fruit quality at harvest and during 
storage.J. Sci. Food Agric., 87, 2409-2415.

Prochal P.(1986). Podstawy melioracji wodnych t.I,II. PWRiL, Warszawa.

Radzka E.(2014).Ciągi dni bezopadowych w okresie wegetacyjnym w środkowo-
wschodniej Polsce (1971-2005). Acta Agrophysica, 21(4),483-491.

Schmuck A., 1969. Meteorologia i klimatologia dla WSR. Warszawa:PWN.

Słowik K.(1973). Deszczowanie roślin sadowniczych. PWRiL, Warszawa.

Treder W., Klamkowski K., Krzewińska D., Tryngiel-Gać A. (2009). Najnowsze trendy 
w nawadnianiu upraw sadowniczych – prace badawcze związane z nawadnianiem roślin 
prowadzone w ISK w Skierniewicach. Infrastruktura i Ekologia Terenów Wiejskich,  
6, 95-107.

Treder W., Wójcik K., Żarski J. (2010).Wstępna ocena możliwości szacowania potrzeb 
wodnych roślin na podstawie prostych pomiarów meteorologicznych. Zeszyty Naukowe 
Instytutu Sadownictwa i Kwiaciarstwa, 18,143-153.

Żarski J., Dudek S., Kuśmierek – Tomaszewska R.(2009).Wpływ deszczowania 
i nawożenia azotem na plonowanie jęczmienia browarnego na glebie lekkiej. 
Infrastruktura i Ekologia Terenów Wiejskich, 3, 69 – 78.



Katarzyna Wójcik, Waldemar Treder, Aleksandra Zbudniewek

Corresponding author: Katarzyna Wójcik MSc 
Katarzyna.Wojcik@inhort.pl

Prof. dr hab. Waldemar Treder 
Waldemar.Treder@inhort.pl

Aleksandra Zbudniewek 
Aleksandra.Zbudniewek@inhort.pl

Research Institute of Horticulture
 Konstytucji 3 Maja 1/3

96-100 Skierniewice, Poland

Received: 15.02.2017
Accepted: 28.04.2017


